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We study photocurrent of exciton polaritons in inversion broken systems. We use an effective
Hamiltonian and Green’s function approaches to deduce the formula for polariton photocurrent.
The obtained formula shows the polariton photocurrent is proportional to the polariton density and
shows opposite signs for the upper and lower branches. We perform a simulation based on a rate
equation and study a time profile of polariton photocurrent after pulse excitation, which indicates
that the photocurrent provides a useful nonlinear probe to study nonequilibrium dynamics of exciton
polaritons.
I. INTRODUCTION
Quantum materials exhibit various interesting nonlin-
ear responses [1–3]. In particular, the second order non-
linear responses include photocurrent and second har-
monic generation which are important both for funda-
mental physics and technological applications. Photocur-
rent generation is a recently actively studied topic [4–
12]. Among various mechanisms for photocurrent genera-
tion, shift current is attracting a growing interest [13–18].
Shift current has a geometric origin closely related to the
modern theory of polarization. Specifically, shift current
arises from the shift of wave function during optical tran-
sition between valence and conduction bands. This shift
of wave packet is characterized by so called shift vector
which is described by Berry connection. While studies
on shift current have mainly focused on systems of non-
interacting electrons so far, shift current in the presence
of electron interactions is an interesting venue, since (col-
lective) excitations in correlated materials generally have
large oscillator strength and can potentially enhance the
nonlinear functionality. One such example is shift cur-
rent of excitons which is a bound state of conduction
electron and valence hole [19, 20]. When an exciton has
nonzero polarization due to the shift of wave packet of
an electron and a hole, optical excitation of excitons in-
duces an increase of polarization in time, which results in
the shift current response. Another example is shift cur-
rent of magnons in multiferroic materials, where magnon
excitation accompanies electric polarization due to the
multiferroic nature [21].
Exciton polariton is a mixed state of exciton and pho-
ton which generally appear in semiconductor in the pres-
ence of light irradiation under strong light-matter cou-
pling. When the energy levels of photons and the exci-
tons are close with each other, photon and exciton are
hybridized and polariton states appear. Namely, po-
laritons appear due to the anticrossing of a nearly flat
band of excitons and a more dispersive band of photons.
As a consequence, polariton bands have two branches,
called upper branch and lower branch polaritons. Since
polaritons are bosons, they can undergo Bose-Einstein
condensation (BEC). BEC of exciton polariton has been
experimentally achieved and is an interesting example of
macroscopic phase coherence in nonequilibrium compos-
ite matter [22–28]. In the setup for polariton conden-
sates, upper branch polaritons are pumped by light ir-
radiation, which transition into lower branch eventually.
Lower branch polaritons are relaxed into the band mini-
mum (at q = 0) and forms polariton condensate. While
distribution of polaritons is usually studied from pho-
toemission, it is interesting to seek a possibility of other
characterization probes of nonequilibrium dynamics of
exciton polaritons. In particular, nonlinear responses of
polaritons have not been fully explored so far.
Motivated by these, we study nonlinear responses of
exciton polaritons. We focus on photocurrent genera-
tion of polariton states. We use an effective Hamiltonian
approach and Green’s function approach [29] to study
photocurrent of polaritons in the nonequilibrium. We
find that nonzero photocurrent appears in inversion bro-
ken semiconductors coupled to a cavity. The photocur-
rent appears from diamagnetic coupling between excitons
and cavity photons. The photocurrent turns out to be
proportional to the density of polaritons, and shows the
opposite sign for upper and lower branch polaritons. We
perform a rate equation analysis for the time profile of
polariton density after a pulse excitation, and show that
measuring polariton photocurrent gives a useful informa-
tion about a time profile of the polariton density which
reflects detuning between exciton and photon bands and
polariton’s relaxation paths. Thus, photocurrent of po-
laritons can be utilized to characterize nonequilibrium
dynamics of polaritons.
This paper is organized as follows. In Sec. II, we de-
rive polariton photocurrent based on an effective action.
In Sec. III, we present a more detailed analysis of po-
lariton photocurrent using a diagrammatic approach. In
Sec. IV, we use a rate equation and study a time pro-
file of polariton photocurrent. In Sec V, we give a brief
discussion.
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2II. EFFECTIVE HAMILTONIAN
In this section, we derive photocurrent of exciton po-
lariton from an effective Hamiltonian approach. Let us
consider excitons in a cavity described by the Hamilto-
nian,
H0 =
∑
q
Eex(q)c
†
qcq +
∑
q
~ωqa†qaq, (1)
where cq and Eex(q) are an annihilation operator and
energy dispersion for excitons, and ak and ~ωk are an
annihilation operator and energy dispersion for photons,
respectively. We introduce an effective coupling between
the excitons and the electromagnetic field as
Hint =
∑
q
[g1a
†
qcq + g2Aa
†
qcq] + h.c.. (2)
Here the first term is the paramagnetic coupling that
mixes the excitons and photons within the rotating wave
approximation [22]. The second term is the diamagnetic
coupling which is second order in the electromagnetic
field. Here we focus on the diamagnetic contribution
proportional to the dc component of the electromagnetic
field A and the photon field (a/a†) as we study dc current
response of exciton polaritons in the following. Namely,
the dc current of the system is given by taking a func-
tional derivative of the Hamiltonian with respect to the
(dc) vector potential A as
Jˆ =
δHint
δA
=
∑
q
g2a
†
qcq + h.c.. (3)
The exciton-polaritons appear due to the mixing of
the excitons and the photons caused by the g1 term in
Eq. (2). We can obtain the polariton operators by diag-
onalizing H0 and the g1 term as
aq = αbU,q + βbL,q, (4)
cq = −β∗bU,q + α∗bL,q, (5)
where bU and bL denote annihilation operators of the
upper and lower branches of polaritons, respectively, and
α, β are coefficients satisfying |α|2 + |β|2 = 1. (We note
that the g2 term does not contribute to the polariton for-
mation since the dc component A is infinitesimal.) Rep-
resenting J in the polariton basis, we find that the po-
laritons can induce photocurrent as
〈Jˆ〉 '
∑
q
2Re[g2α
∗β∗](〈b†L,qbL,q〉 − 〈b†U,qbU,q〉). (6)
Here we neglected cross terms including b†U,qbL,q and
b†L,qbU,q and only kept terms proportional to the po-
lariton density. This is justified when one can neglect
phase coherence between upper branch polariton and
lower branch polariton, or when one considers a wave
FIG. 1. A schematic band dispersion of exciton polaritons.
The exciton state at Eex(q) and the photon at ω(q) (dashed
blue and orange curves) is hybridized to form polariton states
with two branches (solid curves). The energy dispersions of
the upper and lower polaritons are given by ωU (q) and ωL(q).
function that consists of a single slater determinant of
polariton states. We can further simplify the expression
by using α∗β∗ ∝ g∗1/(~ωU (q)− ~ωL(q)) as
〈Jˆ〉 ∝
∑
q
Re[g∗1g2]
~ωU (q)− ~ωL(q) (〈b
†
L,qbL,q〉 − 〈b†U,qbU,q〉),
(7)
with energies of polaritons in the upper branch ~ωU (q)
and the lower branch ~ωL(q).
The above expression clearly shows that nonzero pho-
tocurrent appears when polariton states are created and
it is proportional to the difference of upper and lower
polariton densities. While the above derivation of the
polariton photocurrent is concise and has a clear inter-
pretation, it is based on a rather phenomenological elec-
tromagnetic coupling Hint. In the next section, we derive
the photocurrent of polaritons from a more microscopic
Hamiltonian that describes electrons and holes forming
the excitons. In particular, we show that the g2 term
naturally arises from the diamagnetic coupling of elec-
tric fields to the electrons.
III. DIAGRAMMATIC APPROACH
In this section, we construct a microscopic model of
exciton polariton starting from a Hamiltonian that de-
scribes interacting electrons and holes, and derive pho-
tocurrent of polariton condensate based on a Feynman
diagrammatic approach.
3A. Model
We consider a two band Hamiltonian given by
H = H0 +Hint (8)
H0 =
∑
k
(c(k)c
†
c,kcc,k + v(k)c
†
v,kcv,k) (9)
Hint = −
∑
k,k′
Vk,k′c
†
c,kcv,kc
†
v,k′cc,k′ (10)
where the subscripts c/v denote conduction and valence
bands, and Vk,k′ is attractive interaction between elec-
trons in the conduction band and holes in the valence
band. Hereafter, we set ~ = 1 and e = 1 for simplicity.
We denote the propagators of conduction and valence
electrons as
Gc/v(iω, k) =
1
iω − c/v(k) . (11)
To simplify the treatment of exciton formation, we as-
sume a separable form for the attractive interaction as
Vk,k′ = w
∗(k)w(k′) (12)
We consider a cavity mode of electromagnetic field that
has photon dispersion relationship
Hph =
∑
ωph(q)a
†
qaq (13)
Coupling of electrons to an electric field is given by
Hem =
∑
k
A(t)vcv(k)c
†
c,kcv,k + h.c., (14)
with
A(t) = aqe
−iωpht + a†qe
iωpht. (15)
B. Exciton propagator
The exciton propagator consists of a ladder of electron
and hole propagators connected with the attractive inter-
action. We consider the effective interaction Dk,k′ where
an incoming electron hole pair with the momenta k′ is
scattered into an outgoing pair with k, which is given by
Dk,k′(iΩ) =− Vk,k′ −
∫
dω
2pi
dk′′
2pi
Dk,k′′(iΩ)Gc(iω + iΩ, k
′′)
×Gv(iω, k′′)Vk′′,k′ . (16)
Taking advantage of the separable form of the interac-
tion, we can write Dk,k′ = w
∗(k)D˜w(k′) where D˜ is given
by
D˜(iΩ) = −1− D˜(iΩ)
∫
dω
2pi
dk′′
2pi
w(k′′)Gc(iω + iΩ, k′′)
×Gv(iω, k′′)w∗(k′′)
= −1− D˜(iΩ)
∫
dk′′
2pi
|w(k′′)|2
iΩ− Ecv(k′′) . (17)
FIG. 2. Diagrammatic representations for (a) exciton effective
interaction D, (b) photon self energy Σ, and (c) polariton
photocurrent Jdc.
with
Ecv(k) = c(k)− v(k). (18)
This equation can be readily solved as
D˜(iΩ) =
−1
1 +
∫
dk
2pi
|w(k)|2
iΩ−Ecv(k)
. (19)
This propagator has a pole below the band gap c(k) −
v(k) that corresponds to exciton states. For example, if
we take Rice-Mele model H = t cos kσx+δt sin kσy+mσz
and assume t, δt m, we can approximately write
D˜(iΩ) =
−1
1 +
∫
dk
2pi
|w(k)|2
iΩ−2m
=
2m− iΩ
iΩ− (2m− Vex)
' Vex
iΩ− Eex , (20)
where the energy of exciton Eex is given by Eex =
2m − ∫ dk2pi |w(k)|2, and Vex = ∫ dk2pi |w(k)|2 corresponds
to the exciton binding energy in this case. In the last
line, we wrote the singular part at the pole describing
the exciton resonance iΩ = Eex. In general, D˜(iΩ) has a
4pole structure at exciton excitation below the band gap,
and we focus on the corresponding singular part of D˜ as
D˜(iΩ) ' Vex
iΩ− Eex , (21)
where Eex is the energy of the exciton and Vex is a con-
stant of the order of exciton binding energy. Correspond-
ingly, the effective interaction has a pole structure at ex-
citon excitation as
Dk,k′(iω) ' w
∗(k)Vexw(k′)
iω − Eex . (22)
C. Polariton propagator
We consider polariton which is a mixed state of a pho-
ton and an exciton. We can describe polariton excitations
by photon self energy. The photon self energy is given by
Σ(iΩ) =
∫
dkdk′
[∫
dωGv(iω, k)vvc(k)Gc(iω + iΩ, k)
]
×Dk,k′(iΩ)
[∫
dωGc(iω + iΩ, k
′)vcv(k′)Gv(iω, k′)
]
=
∫
dkdk′
vvc(k)
iΩ− Ecv(k)
w∗(k)Vexw(k′)
iΩ− Eex
vcv(k
′)
iΩ− Ecv(k′) ,
(23)
as illustrated in Fig. 2(b). If we focus on the exciton
resonance at iΩ = Eex, this can be rewritten in terms of
exciton-photon coupling g1 as
Σ(iΩ) ' |g1|
2
iΩ− Eex , (24)
g1 =
∫
dk
√
Vexw(k)vcv(k)
Eex − Ecv(k) . (25)
We consider photons in cavity that has dispersion re-
lation ωph(q). Neglecting q dependence in the exciton
dispersion and electron-photon coupling since the scale
of the momentum q of photon is much smaller than that
of electrons, we obtain the propagator of polariton modes
as
Gp(iω, q) =
1
iω − ωph(q)− Σ(iω)
=
(iω − Eex)
(iω − ωph(q))(iω − Eex)− |g1|2 . (26)
This propagator has two poles at iω = ωU , ωL with
ωU (q) =
ωph(q) + Eex
2
+
√(
ωph(q)− Eex
2
)2
+ |g1|2,
(27)
ωL(q) =
ωph(q) + Eex
2
−
√(
ωph(q)− Eex
2
)2
+ |g1|2,
(28)
where U/L denotes upper/lower branch of polariton sep-
arated by so called LT splitting. Focusing on the singular
part of the propagator, we can write
Gp(iω, q) ' ωU (q)− Eex
(ωU (q)− ωL(q))(iω − ωU (q))
+
Eex − ωL(q)
(ωU (q)− ωL(q))(iω − ωL(q)) . (29)
D. Photocurrent
Now we consider photocurrent of polaritons. Polari-
tons induce dc current via diamagnetic current response
as shown in Fig. 2(c). The diamagnetic current is given
by
J =
∑
k
A(t)(∂kv)cv(k)c
†
c,kcv,k + h.c. (30)
The frequency of current is given by the difference of the
energies of particle hole pairs and photons. Polariton
excitations are mixed states of particle-hole pair (exci-
ton) and photons where these two energies coincide, and
therefore can induce dc photocurrent.
The dc photocurrent is given by
Jdc =
∫
dΩdqGp(iΩ, q)
×
∫
dkdk′
[∫
dωGv(iω, k)vvc(k)Gc(iω + iΩ, k)
]
×Dk,k′(iΩ)
[∫
dωGc(iω + iΩ, k
′)(∂k′v)cv(k′)Gv(iω, k′)
]
'
∫
dΩdqGp(iΩ, q)
[∫
dk
vvc(k)w
∗(k)
Eex − Ecv(k)
]
Vex
iΩ− Eex
×
[∫
dk
w(k)(∂kv)cv(k)
Eex − Ecv(k)
]
, (31)
where we focused on the exciton resonance at iΩ = Eex
in the last line. If we define the diamagnetic coupling
between exciton and photon as
g2 =
∫
dk
√
Vexw(k)(∂kv)cv(k)
Eex − Ecv(k) , (32)
we can write the photocurrent as
Jdc =
∫
dΩdqGp(iΩ, q)
g∗1g2
iΩ− Eex . (33)
We note that we are interested in polariton excitations
at iΩ = ωU/L, but we used residue at the exciton pole
iΩ = Eex when we simplified the expression using g1 and
g2. This treatment is justified when the exciton binding
energy Vex is much larger than the LT splitting of po-
laritons. Polariton photocurrent is obtained by keeping
5poles describing two branches of polaritons in Eq. (29),
which yields
Jdc '
∫
dΩdq
g∗1g2
(ωU (q)− ωL(q))
[
1
iΩ− ωU (q) −
1
iΩ− ωL(q)
]
.
(34)
For finite temperatures, we replace the Ω integral with
Matsubara frequency summation, where the poles give
occupation numbers of corresponding modes. Thus the
dc current is given by
Jdc =
∫
dq
g∗1g2
(ωU (q)− ωL(q)) (nU (q)− nL(q)), (35)
with occupation numbers (Bose distribution functions)
nU (q) and nL(q) for upper and lower polariton branches
with momentum q.
The photocurrent of polaritons in the nonequilibrium
systems are also given by Eq. (35). In polariton con-
densates, the system is at the nonequilibrium state un-
der pumping with external laser light. In this case, we
can use Keldysh Green’s function instead of Matsubara
Green’s functions and the current response is obtained
by taking the lesser component of the diagram [30, 31].
Since we are interested in polariton excitations, we just
need to replace polariton propagator 1/(iΩ − ωU/L(q))
with its lesser component. After Ω integration with using
Keldysh equation, this procedure just gives the occupa-
tion numbers of polaritons nU and nL in the nonequilib-
rium states. Therefore Eq. (35) still holds in the nonequi-
librium situations including polariton condensates.
Equation (35) shows that the photocurrent is opposite
for upper and lower polariton branches and the current
response is enhanced at momentum q where the split-
ting ωU (q) − ωL(q) is small, which is a useful feature in
deducing nonequilibrium dynamics of polaritons from a
time profile of the photocurrent, as we discuss in the next
section.
IV. RATE EQUATION
In this section, we consider a time profile of photocur-
rent of the exciton polariton. To do so, we combine the
obtained expression in the previous section with the rate
equation to account for the time dependence of polariton
occupation. We consider a simple rate equation that in-
volves pumping of polariton into the upper branch (p(t)),
transition from the upper branch to the lower branch
(r1), and decay from the lower branch (r2). The rate
equation reads
dnU
dt
= p(t)− r1nU , (36)
dnL
dt
= r1nU − r2nL, (37)
for polariton density nU/L for the upper/lower branch
polaritons. The photocurrent of polariton is given by
J(t) = C(nL(t)− nU (t)), (38)
FIG. 3. A solution of the rate equation for polariton density
and photocurrent. (a) Time profile of polariton density af-
ter pulse pumping. Polariton is created in the upper branch
by the pump pulse. Polariton density in the upper branch
nU decreases due to the transitioning into the lower branch
with the rate r1. Correspondingly, the polariton density in
the lower branch nL increases initially and decays eventually
due to the decay of the polaritons with the rate r2. (b) Time
profile of polariton photocurrent. Photocurrent grows quickly
after pulse pumping due to population of upper branch po-
laritons. Afterwards, the photocurrent shows a characteristic
sign change due to transition of polaritons from the upper
branch to the lower branch, reflecting the fact that polari-
ton photocurrent is proportional to the difference of polariton
densities of the two branches. Here we adopted the parame-
ters p(t) = e−5(t/t0)
2
n0/t0 and r1 = 0.6/t0, r2 = 0.3/t0 with
the typical polariton density n0 which ranges from 10
9 cm−2
to 1011 cm−2, and the characteristic time scale t0 of the order
of 1 - 10 ps.
with
C =
eg∗1g2
~2(ωU − ωL) . (39)
Here we ignore effects of band dispersion of the polariton
branches, and use the coupling constants g1 and g2 at
q = 0 and the energy splitting ωU (q = 0) − ωL(q = 0).
Also, we restored e and ~ in the above expression.
Figure 3 shows the time profile of polariton density
and photocurrent under pulse pumping at t = 0. Here
we adopted the parameters p(t) = e−5(t/t0)
2
n0/t0 and
r1 = 0.6/t0, r2 = 0.3/t0 with the typical polariton density
n0 which ranges from 10
9 cm−2 to 1011 cm−2, and the
characteristic time scale t0 of the order of 1 - 10 ps. The
6FIG. 4. Detuning dependence of polariton photocurrent. (a,b,c) Band structures of polaritons for several detunings between
the exciton state and the photon dispersion. We set the exciton energy Eex = 0 and consider the photon energy dispersion
~ω(q) = aq2 + d with the coupling g1. We adopted the parameters a = 2 µm2meV, g1 = 10 meV, and the energy detunings (a)
d = −20 meV, (b) d = 0 meV, and (c) d = 20 meV. (d) Coefficient C for the polariton photocurrent plotted as a function of
detuning d. Blue and orange curves represent C(q = 0) and C(qmax), respectively, where qmax is the momentum where band
splitting becomes smallest. The inset shows qmax as a function of d. The photocurrent coefficient C shows a peak structure at
the zero detuning for q = 0. The coefficient C(qmax) is constant for negative detuning (d < 0) since the anticrossing of the two
bands occurs at qmax. The black dots represent the detunings corresponding to the band structures in (a,b,c). We used the
normalization constant C0 = eg2/~2. (e) Schematic time profiles of the photocurrent that correspond to the two representative
relaxation paths of polaritons, (i) and (ii) shown in (a). The photocurrent takes maximum when the polariton is at qmax (at
the time t1), and shows a sign change when polaritons transition into the lower branch (i) at the later time t2 and (ii) right
after t1. t2 is the time when the polariton transitions from the bottom of the upper branch to the lower branch in the path (i).
pump pulse creates polariton in the upper branch and nU
increases quickly at the initial time. The upper branch
polaritons undergo transition into the lower branch po-
laritons, and nL increases afterwards and becomes larger
than nU eventually. Finally both nU and nL decrease due
to the decay of polaritons from the lower branch. Corre-
spondingly, the photocurrent shows a characteristic time
profile. The photocurrent J(t) quickly grows after the
pump pulse as the upper branch polaritons are created.
Since J(t) ∝ nL(t) − nU (t), the photocurrent shows a
characteristic sign change due to the transition of polari-
tons from the upper branch to the lower branch. At the
later time, J(t) diminishes, according to the decay of po-
laritons from the lower branch. Such characteristic time
profile of photocurrent can be used to deduce the polari-
ton density in each branch by measuring photocurrent.
In particular, when the polariton splitting is smallest at
q = 0, the high density of nL(q = 0) due to the polariton
condensation can lead to large photocurrent according
to Eq. (35). This implies that polariton photocurrent
can signal the polariton condensation in such polariton
dispersions.
Next let us consider how the photocurrent behaves
for different types of anticrossing of exciton and photon
bands (i.e., for different values of detuning between those
two bands), by incorporating q dependence of polariton
dispersion. In order to discuss the time profile of the
photocurrent through the relaxation of polaritons after
its creation, we suppose that the polariton is located at
the momentum q(t) at the time t, and we consider the
7photocurrent
J(t) = C(q(t))(nL(t)− nU (t)), (40)
with the q dependent coefficient
C(q) =
eg∗1g2
~2(ωU (q)− ωL(q)) . (41)
Here we neglect q dependence in the coupling constant g1
and g2, while we restore the q dependence in the energy
splitting in the denominator. Figures 4(a,b,c) show the
band structures of exciton polaritons for different detun-
ings between the exciton state and the photon disper-
sion. We set the exciton energy Eex = 0 and consider
the photon energy dispersion ~ω(q) = aq2 + d with the
detuning d. We adopted the parameters a = 2 µm2meV
and g1 = 10 meV. Figure 4(d) shows the coefficient C
for the polariton photocurrent as a function of the de-
tuning (with the normalization constant C0 = eg2/~2).
The blue curve represents the coefficient C(q = 0) for the
polaritons at q = 0 states, and the orange curve for the
polaritons at the momentum qmax where energy splitting
is the smallest. Since the coefficient C is inversely propor-
tional to the splitting of two branches, C(q = 0) shows a
peak structure at zero detuning, and decays as the mag-
nitude of the detuning |d| increases. This is reasonable
because the polariton photocurrent arises from (diamag-
netic) coupling between excitons and photons, and the
coupling becomes most efficient when these two satisfy
the resonant condition at d = 0. This feature indicates
that the magnitude of photocurrent gives an informa-
tion about the relative position of exciton and photon
bands. In contrast, C(qmax) depicted with the orange
curve in Fig. 4(d) is the maximum of C(q) for given d,
where qmax is the momentum given by ω(qmax) = Eex
which maximizes C(q). While C(qmax) coincides with
C(q = 0) for positive detuning, C(qmax) becomes con-
stant for negative detuning since the energy splitting at
the anticrossing at qmax is constant with 2g1. This in-
dicates that the photocurrent becomes largest when the
polaritons go through the anticrossing at q = qmax in the
course of relaxation, because of 1/(ωU (q)−ωL(q)) factor
in Eq. (41).
Finally, let us discuss the time profile of photocurrent
in the relaxation process of polaritons after excitation.
For example, we consider two representative relaxation
paths depicted as (i) and (ii) in Fig. 4(a), where corre-
sponding time profiles of the photocurrent are illustrated
schematically in Fig. 4(e). In the path (i), polaritons re-
laxes within the upper branch toward the band bottom
and transition into the lower branch. In this case, the
photocurrent shows peak structure at t = t1 when the
polariton is at the anticrossing point (q = qmax), and
shows a sign change upon the transition into the lower
branch at later time t2 when the polariton reaches the
band bottom. In the path (ii), polaritons transition into
the lower branch at the anticrossing point. Accordingly,
the photocurrent changes sign at t = t1. Thus, measur-
ing the polariton photocurrent provides an information
about the relaxation path with its magnitude and sign.
V. DISCUSSIONS
We have shown that photocurrent from polaritons ap-
pears when inversion symmetry is broken due to dia-
magnetic coupling between electrons and photons. Since
photocurrent generation leads to nonzero voltage at the
boundary of the sample, polariton photocurrent gener-
ates nonzero power when the sample is connected to
electrodes. This appearance of nonzero power requires
energy supply. For example, in the case of shift current
photovoltaics, the energy supply comes from the absorp-
tion of photons that creates electron hole pairs across the
band gap. In the present case, the energy supply comes
from photo-creation of exciton polariton states. Polari-
tons carrying photocurrent are dissociated into electron-
hole pairs once they reach the electrodes. In the steady
state with finite dc current flowing, one needs to supply
polaritons constantly which involves absorption of pho-
tons and behaves as a source of energy supply.
While we mainly considered polaritons realized with
cavity photons in the setup for polariton condensate, po-
laritons generally appear in bulk crystals. Therefore, we
can also expect photocurrent generation in bulk noncen-
trosymmetric crystals when polariton modes are excited.
For example, GaAs and AlAs would be candidate ma-
terials for observing polariton photocurrent in the bulk
crystals [32, 33].
Finally let us perform a crude estimation of the order
of magnitude of polariton photocurrent. According to
Eq. (40), the photocurrent is given by
J = Cn ' eg1g2
~2(ωU − ωL)n '
eg1Rn
~
. (42)
Here we used an estimation for the diamagnetic coupling
g2 ' g1R where R is the so called shift vector of the
order of lattice constant (R ' 1A˚). The energy splitting
of the two branches is given by g1 ' 10 meV and the
polariton (2D) density is given by n ' 109 cm−2 [22].
These values lead to an estimate for the current density as
J ' 3×10−3 A/m. Since the size of polariton condensate
is of the order of 10 µm, this amounts to the photocurrent
of the order of 30 nA, which is feasible for measurement.
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